SSc is a multiorgan disease with significant morbidity that is associated with poor health-related quality of life. Treatment of this condition is often organ based and non-curative. However, there are newer, potentially disease-modifying therapies available to treat certain aspects of the disease. This review focuses on old and new therapies in the management of SSc in clinical practice.
Introduction
SSc is a pleomorphic autoimmune disorder that can affect multiple organs, most commonly the skin, lungs, kidneys, gastrointestinal tract and vasculature. Inflammatory, vascular and fibrotic processes often occur simultaneously and can cause severe dysfunction of these organs [1] . The aetiopathogenesis of SSc is poorly understood, hence treatment of this condition is difficult and often organ based. This review discusses the old and new therapies available for management of SSc and how to manage patients in clinical care (Fig. 1) . Early screening and diagnosis were discussed recently in another review [2] .
Fibrotic complications

Skin
Patients with SSc are subclassified into dcSSc or lcSSc based on the extent of skin involvement. The majority of trials have focused on dcSSc. The modified Rodnan skin score (mRSS), a measure of the extent of skin involvement, has been used as the primary outcome measure in clinical trials of dcSSc [3] . Measurement of skin thickness is used as a surrogate measure of disease severity and mortality in patients with dcSSc; an increase in skin thickening is associated with involvement of internal organs and increased mortality [4] . It is generally accepted that mRSS tends to worsen in early disease and improve in late disease. In our experience, practising clinicians do not routinely perform mRSS unless they have a special interest in scleroderma.
Treatment options have targeted different pathogenic processes, including inflammation, immune dysregulation and fibrosis. Currently there is no regulatory approved treatment for skin fibrosis.
MTX
The European League Against Rheumatism (EULAR) and EULAR Scleroderma Trials and Research (EUSTAR) group recommendations endorse the use of MTX in early dcSSc. Two randomized controlled trials (RCTs) have shown that MTX improves the mRSS in early dcSSc [5, 6] . In a multicentre, double-blind RCT, 71 patients with dcSSc of <3 years' duration (mean duration 6.3 months in the MTX group, 7.3 months in the placebo group) were randomized to receive either MTX (n = 35) or placebo (n = 36) for a 12 month period [6] . Oral weekly MTX up to 15 mg/week [the average dose of MTX was 14.9 (S.D. 1.8) mg/week] was used. At the end of the study the primary outcomes favoured MTX over placebo, with an improvement in mean mRSS (6.3 U for MTX, 1.1 U for placebo, P < 0.17). Bayesian analysis of this trial showed that the probability that treatment with MTX results in better mean outcomes than placebo was 94% for mRSS and 88% for the physician global assessment [5] .
CYC
There are no RCTs comparing CYC vs placebo for the management of skin disease as a primary indication. In the post hoc analysis of the Scleroderma Lung Study-I (SLS-I) [7] , 85 patients with dcSSc who received oral CYC for 12 months showed significant difference mRSS between the two groups favouring CYC (improvement in mean mRSS 3.06 U, P = 0.008), but it was non-significant at 24 months (P = 0.23) [8] . An open-label case series supports low-dose pulse CYC for aggressive skin disease [9] .
MMF
There have been mixed results from open-label and retrospective studies with regard to the effect of MMF on skin disease [10, 11] . There is no RCT assessing its efficacy. In a retrospective study at a single academic centre, the change in mRSS in 98 dcSSc patients who were treated with MMF was compared with the mRSS from historical controls [D-penicillamine (D-pen) and oral bovine type I collagen] obtained from pooled analysis of RCTs [12] . In a subgroup of 20 patients, a decrease or discontinuation of MMF resulted in increased skin activity that subsequently improved after re-initiation.
D-Pen
A double-blind RCT was conducted to compare highdose (7501000 mg/day) and low dose D-pen (125 mg every other day) in 134 patients with early dcSSc [13] . There were modest improvements in the mRSS, although not significantly different between the two groups, thus the RCT does not support the use of D-pen in dcSSc. 
Other agents
Treatment of skin involvement in SSc
There is some evidence that MTX is beneficial in the treatment of early dcSSc. The authors utilize up to 30 mg/week using either an oral or s.c. route. Another group includes patients with SSc who also have concomitant clinical inflammatory arthritis (16%) [19] . CYC may be effective in early dcSSc but is usually reserved for patients with concomitant interstitial lung disease (ILD). MMF appears to have beneficial effects in dcSSc but lacks RCTs. D-pen should not be used for the treatment of skin involvement in SSc. There is no evidence to support immunosuppressive treatment of skin involvement in lcSSc.
ILD
Pulmonary disease in SSc (ILD and pulmonary hypertension) is the leading cause of death in patients with SSc [20] . High-resolution CT (HRCT) of the lungs reveals features of ILD in up to 90% of patients with SSc [21, 22] . Forced vital capacity (FVC) on pulmonary function tests (PFTs) has been used as a surrogate for restrictive lung disease, although patients can have ILD on HRCT with normal spirometry. Restrictive lung disease (FVC <75%) develops in $40% of SSc patients. Severe restrictive lung disease (defined as FVC <50%) is found in $1015% of SSc patients. Therefore not every patient requires immunosuppressive therapy.
When to initiate immunosuppressive therapy
The decision on the timing of immunosuppression can be quite challenging. It is important to identify these SSc-ILD patients and predict their disease course, as the treatment needs to be individualized. In SSc patients, progressive ILD is a predictor of mortality [23] . Severe and progressive In another double-blind RCT, the Fibrosing Alveolitis in Scleroderma Trial (FAST), 22 of 45 patients with SSc (lcSSc or dcSSc) were given six doses of i.v. CYC (600 mg/m 2 ) at 4-week intervals followed by oral AZA (2.5 mg/kg/day) [26] . Prednisolone (20 mg on alternate days) was co-administered in the active treatment group. At the end of 1 year there was an improvement in FVC (adjusted mean difference in FVC 4.19%, P = 0.08).
FIG. 1 Treatment recommendations in SSc
Based on the results of these trials, EULAR/EUSTAR recommends that CYC should be considered for the treatment of SSc-ILD [28] .
MMF
There are no published RCTs of MMF in SSc-ILD. In several small, open-label studies, MMF at a dose of 12 g/day (alone or with steroids) either improved or stabilized lung function up to 12 months [29, 30] . In a retrospective analysis of 172 SSc patients (mainly dcSSc) MMF was compared with other immunosuppressive agents [11] . A significantly lower incidence of clinically significant ILD was noted in patients treated with MMF and there was no significant between-group difference in FVC change up to 5 years. The SLS II, a randomized, double-blind study evaluating MMF vs CYC in patients with SSc-ILD is currently under way.
Glucocorticoids
There are sparse and unclear data regarding the role of glucocorticoids in the management of SSc-ILD. A singlecentre open-label study comparing high-dose vs lowdose prednisone therapy with monthly i.v. CYC showed improvement in the FVC and the percentage of ground glass parenchymal lung involvement only in the highdose prednisone group [31] . In the FAST study, prednisolone was prescribed at 20 mg on alternate days [26] . There is a lack of evidence to support high-dose prednisone in SSc-ILD. In addition, there are retrospective data to support an association of renal crisis with moderate to high doses of glucocorticoids [32] . Based on these studies, low-dose prednisone (10 mg/day or 20 mg every other day) may be reasonable for SSc-ILD.
Other agents
There is limited evidence with regard to other immunosuppressive agents such as MTX, AZA, CYC and tacrolimus. In small, open-label studies, rituximab has been shown to improve or stabilize lung function [33] . Bosentan was studied in a large RCT for SSc-ILD with negative results [34] . Imatinib was studied in a phase 12a open-label pilot study involving 20 patients with SSc-ILD. Oral imatinib therapy (up to 600 mg/day) was given for a period of 1 year [35] . There was a trend towards improvement in lung function (FVC increased by 1.74%), however, 7 of 20 patients discontinued drug use due to adverse effects. At present the role of tyrosine kinase inhibitors in SSc-ILD is unclear. Pirfenidone is being evaluated in an ongoing open-label, randomized, phase 2 study of its safety and tolerability in SSc-ILD (clinical trial registration number NCT01933334).
Treatment of ILD in SSc
Treatment of ILD should be reserved for patients with progressive ILD. Various analyses suggest that early disease (the first 34 years of disease onset), moderate to severe lung involvement [24, 25] and worsening pulmonary physiology should lead to initiation of immunosuppressive therapy [25, 36] . Bronchoalveolar lavage is not needed to make a clinical decision on treatment [37] . The authors prefer monthly pulse CYC at doses of 500750 mg/m 2 for 612 months. The response to therapy is measured by PFTs every 34 months and patient-reported improvement in dyspnoea. The therapeutic response tends to be slow. Stabilization of the FVC as opposed to improvement is the norm and is considered a favourable response. Therefore early identification and treatment are needed. The optimal duration of therapy is not known. At the end of 6 months of CYC therapy, if there is improvement or stabilization of lung function, the practice of the authors is to transition to either MMF or AZA for 13 more years, although some patients may require a longer duration. The decision to continue CYC beyond the 6 month period is based on the rate of decline in FVC: if there is a slower decline, CYC may be continued for another 36 months; if there is continuation of a rapid decline, then CYC therapy has probably not been beneficial.
There is increasing use of MMF in patients with mild ILD (ILD on HRCT and mild to moderate restrictive pulmonary physiology on PFT). Although MMF is being used in clinical care, SLS II will provide data on the efficacy of MMF vs CYC in an RCT. The authors recommend care coordination with a pulmonologist.
Early fibrotic disease in scleroderma There was higher treatment-related mortality in the HSCT arm and the event-free survival favoured HSCT. The Scleroderma: CYC or Transplant trial is currently under way in the USA. Currently, HSCT is not ready to be incorporated in clinical practice. However, recent data are supportive for a subset of dcSSc patients, with or without progressive internal organ involvement, who have not responded to conventional immunosuppressive agents. In addition, one may also consider HSCT in lcSSc patients with progressive ILD, but there is HSCT-associated mortality. RP is the most common clinical manifestation of SSc, affecting $95% of patients. Up to 30% of SSc patients with RP can progress to have digital ulceration by 1 year [46] . Digital ischaemia in SSc is multifactorial in aetiology, including imbalances in neuroendocrine control mechanisms, structural changes in the vessels and haematological factors such as hypercoagulability [47] .
Vascular complications
Calcium channel blockers
Calcium channel blockers (CCBs) are the cornerstone of treatment of RP and DU. Among the CCBs, nifedipine has the most supportive evidence at this time. Nifedipine is a dihydropyridine-type CCB that has a direct effect on vascular smooth muscles and inhibits platelet activation. In a meta-analysis including eight RCTs (seven with nifedipine and one with nicardipine), the weighted mean reduction in RP attacks over a 2 week period with CCBs (compared with placebo) was À8.3 U (range À15.7 to À0.9 U) [48] . CCBs reduced the severity of these attacks by 35%. In a small RCT, nifedipine was shown to reduce the number of digital ulcers (Dus) [mean 4.3 (S.E. 0.8) to 1.4 (0.5)] over a 16 week period [49] . Other therapies include topical nitroglycerine patches to reduce the frequency and severity of RP attacks in both primary and secondary RP [50] . Based on the available evidence, oral CCBs like nifedipine or amlodipine should be considered as first-line therapy for RP.
Prostaglandins
Continuous i.v. iloprost infusion (6 h/day for 5 consecutive days) resulted in healing of DUs over a 10 week period in SSc-RP patients, in addition to reducing the frequency and severity of RP attacks [51] . Centres in the USA use i.v. epoprostenol daily for 5 days due to the non-availability of iloprost (personal communication: Johns Hopkins, UCLA and University of Michigan Scleroderma Centres). Continuous infusion of i.v. epoprostenol for patients with severe SSc-PAH revealed a tendency towards a reduction in the number of new DUs (secondary outcome measure) by 50% [41] .
ERAs
Endothelin levels are elevated in the serum of patients with SSc, especially in those patients with DUs [52] . In two clinical trials that evaluated the efficacy of bosentan in SSc-DU, the prevention of new DUs was noted, especially in patients with multiple ulcers [53, 54] . ERAs are not approved in the USA for the management of DUs.
PDE-5is
PDE-5is such as sildenafil have been studied for use in patients with RP and have shown a significant benefit in terms of the frequency, duration and severity of attacks [55, 56] . In the first few months of treatment, maximally tolerated doses of sildenafil seem to help with ulcer healing [57, 58] . In a double-blind RCT of 25 patients, alternate-day tadalafil (20 mg) as add-on therapy for 6 weeks improved RP symptoms (reduction in frequency, duration and severity of RP) and healed DUs [59] .
Other agents
The selective serotonin reuptake inhibitor fluoxetine (20 mg/day) has been shown to reduce the frequency and severity of RP attacks [60] .
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Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers
There is little evidence to support the use of angiotensinconverting enzyme (ACE) inhibitors in treating RP. A randomized trial in 210 patients with secondary RP did not support the use of the ACE inhibitor quinapril, as there was no reduction in the incidence of DUs or in the frequency or severity of RP attacks [61, 62] . Interestingly, in an RCT comparing the efficacy of losartan (an angiotensin receptor blocker) with nifedipine (40 mg/day), losartan (50 mg/day) produced a greater reduction in the severity and frequency of attacks in a 12 week period in both primary and secondary RP [63] .
Other therapies
Surgical digital sympathectomy can be used in patients with DUs and critical ischaemia when oral and/or topical vasodilatory therapy does not quickly result in improvement in digital blood flow [6467] . Initial reports on the use of botulinum toxin A in the treatment of RP have been promising [68] . Larger RCTs with better designs are needed to recommend this in clinical care.
Treatment of RP and DUs in SSc
The authors include a multidisciplinary approach in the management of RP and DU (Fig. 2) . Non-pharmacological management including core and peripheral warming is critical and infection must be excluded. Evidence suggests the use of CCB as initial treatment for RP and DUs. The authors use amlodipine up to 20 mg/day, although lower extremity oedema and dizziness are an issue with doses >10 mg/day. Fluoxetine or losartan as additional therapy is employed for RP. For DUs, PDE-5i is incorporated [57] , despite lack of a well-powered RCT. If the patient has digital ischaemia, he/she is admitted and started on prostacyclin therapy for 5 days with concomitant ASA or heparin and PDE-5i, if tolerated. Botulinum toxin and sympathectomy are used in resistant cases. Analgesia is critical, as these ulcers are usually very painful.
Scleroderma renal crisis
SSc can cause many abnormalities in the renal tract, with scleroderma renal crisis (SRC) being the most important and serious manifestation. More than 70% of the severe kidney involvement occurs within the first 3 years of disease onset in SSc patients [23] , thus early SSc patients (especially dcSSc) and patients with anti-RNA polymerase III antibody are at highest risk. SRC was once the most common cause of death in SSc; however, with the advent of ACE inhibitors, it is much more treatable. Although there are no RCTs to support the use of ACE inhibitors in SRC, there are numerous case reports and uncontrolled studies that have reported very favourable results. In a prospective analysis of 108 patients with SRC in a single centre, patients on ACE inhibitors [captopril (n = 47) and enalapril (n = 8)] had a significantly better survival rate at 1 year (76%) and 5 years (66%) compared with patients not on ACE inhibitors (survival rate at 1 year 15% and at 5 years 10%) [69] . In another prospective trial, 145 patients with SRC treated with ACE inhibitors demonstrated survival rates of 90% and 85% at 5 and 8 years, respectively, after the onset of SRC [70] . Further, treatment with ACE inhibitors decreased the need for permanent dialysis.
Given the perceived decrease in the incidence of SRC with the use of ACE inhibitors, their prophylactic use to prevent SRC has been considered [71] . However, one of the main concerns is that prophylactic use of ACE inhibitors may mask hypertension, leading to worse outcomes after SRC onset. In a recent prospective cohort study of incident SRC patients, exposure to ACE inhibitors prior to the onset of SRC was associated with increased risk of
FIG. 2 Current management of digital vasculopathy in SSc
Treatment approaches may target individual pathological processes in SSc and include agents that are undergoing clinical evaluation or may have potential. Anti-fibrotic strategies are currently less developed than vascular or immunological candidate therapies. *If indicated. MRA: magnetic resonance angiography; CCB: calcium channel blocker; ARB: angiotensin receptor blocker. Modified from the Royal Free Hospital protocol. death (hazard ratio 2.42, P < 0.05) [72] . In another study utilizing an international web-based cohort design, ACE inhibitor exposure prior to SRC onset was associated with a >2-fold increase in the risk of death after the onset of SRC [73] .
Iloprost by continuous i.v. infusion has been used in the management of SRC and may have specific benefits in renal perfusion [74] . At present there is insufficient evidence to recommend the use of iloprost in the treatment of SRC.
Prevention and treatment of SRC in SSc
Patients with early disease (especially dcSSc and anti-RNA polymerase III antibodies) are associated with incident cases of renal crisis. We recommend blood pressure measurement at home three times a week and providing the patient with parameters that should alert them to contact their physician [1] . Prophylactic ACE inhibitors have not been shown to improve outcomes. For treatment, our current approach to SRC is to admit all SSc patients with new-onset accelerated-phase hypertension with evidence of renal injury, microangiopathic haemolysis or significant end-organ damage and treat them with ACE inhibitors. We suggest starting with a short-acting ACE inhibitor (such as oral captopril) and aggressively up-titrate the dose every few hours with the goal of normalizing blood pressure (reduction of 1020 mmHg systolic pressure per 24 h, even if there is continued deterioration in renal function). If the blood pressure remains elevated, we suggest adding other agents like CCBs, angiotensin receptor blockers, hydralazine or furosemide. Intermittent dialysis should be considered to salvage renal function, and we suggest at least 18 months before considering a renal transplant. Glucocorticoids have often been implicated in precipitating SRC [7577] and patients on steroids should be carefully monitored for blood pressure and renal function.
New potential disease-modifying therapies for SSc
This review also highlights important progress that has been made in conducting high-quality controlled trials for the treatment of skin, lung, PAH and DU disease in SSc that have provided an evidence base to support current and some emerging therapies. There are potential future treatments that link to novel therapeutics and arise from a better understanding of key pathogenic pathways (Fig. 3) . One logical pathway to target is the TGF-b axis, which includes a large number of ligands, receptors and accessory molecules. This pathway is essential for normal growth and development and tissue repair and has been implicated in many fibrotic disorders, including SSc. Attempts to attenuate TGF-b signalling using CAT-192, a neutralizing recombinant monoclonal antibody directed against one isoform, TGF-b1, were somewhat disappointing, although, importantly for such a potentially pleiotropic target, there were no safety concerns [16] . Other strategies, including topical administration of bglycan-derived peptide fragments that may block ligandreceptor interaction in the skin [78] or more potent pan-specific antibodies such as GC1008, are being tested and may have much more potential [79] . One of the attractions of targeting TGF-b pathways is that they also regulate or modulate many other potentially important molecular mediators that may be important in SSc, including chemokines, vascular endothelial growth factor and endothelin. These can be identified through a better understanding of key pathways and mediators that may drive fibrosis in SSc and other diseases. Thus, in addition to later-stage clinical trials that are under way and were discussed in this article, there are small studies under way that target pathways as diverse as lipid mediators implicated in fibroblast recruitment and myofibroblast differentiation [80] (especially LPA1), fibrocyte differentiation, integrin signalling or cannabinoid receptors [81] . Blockade of the a v integrin has the potential to modulate TGF-b activation in target organs, and potential biologic therapies are in clinical development [82] . Additionally, there are ongoing studies evaluating the potential role for more established therapeutic agents such as endothelin receptor antagonists in renal disease in SSc, including a small pilot safety study of bosentan [74] , and evaluation of the novel endothelin A receptor selective agent zibotentan [83] is under way. Other novel agents include hyperimmune goat serum (AIMSPRO; Daval International, Eastbourne, UK), which was recently subjected to a safety study in established late-stage dcSSc and demonstrated potential benefit for skin sclerosis [84] . Platelet-derived serotonin has been implicated as a potential therapeutic target in experimental models of scleroderma [85] . Other trials include assessment of tocilizumab (IL-6 receptor antagonist; NCT01532869) and abatacept in dcSSc. New and emerging therapeutic approaches are summarized in Fig. 2 , which groups them according to their major actions on pathogenic processes in SSc.
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